SUMMARY The morphology of red blood cells was studied in 30 patients with severe liver cirrhosis, in 10 patients with extrahepatic jaundice, and in 10 control subjects. In all the patients with extrahepatic jaundice more than 30% of red blood cells were target cells with increased resistance to osmotic lysis. In 12 patients with liver cirrhosis more than 30% of red blood cells were spur cells. The cholesterol: phospholipids (C/PL) molar ratio was 0-89 in target cells, 1-33 in spur cells, and 0 74 in normal red blood cells. The red blood cell membrane cholesterol and phospholipids exchanged with plasma lipoproteins, the lipid composition of which was studied in eight patients with spur cells; the free cholesterol: phospholipid (FC/PL) molar ratio was 0 33 (0'16 in the controls) in high density lipoproteins (HDL) and 1 40 (0-82 in the controls) in low density lipoproteins (LDL); in these patients the polyunsaturated fatty acid content was low in both phospholipids and cholesterol esters of lipoproteins. The irregular folds of the spur cells regressed when polyunsaturated lecithin was infused (2 g daily for five days) in eight patients with spur cell anaemia; the infusions decreased both C/PL ratio in RC to 0-88 and the concentration of unconjugated bilirubin (104'3 to 82-0 ,tmol/l (6 1 to 4-8 mg%)), whereas the activity of the plasma lecithin:cholesterol acyltransferase (LCAT) increased from 31 2 to 54-4 ,umol/l/h. Polyunsaturated fatty acid content of RC lecithin increased after the infusion as it did in HDL, the FC/PL ratio of which decreased to 0-23.
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The erythrocyte is a complex structure the shape of which depends partly on the lipid composition of its membrane (Shohet, 1972) . The fluidity of the membrane is influenced by cholesterol-phospholipid interactions (Kimelberg and Papahadjapoulos, 1974) ; both increase of C/PL molar ratio and decrease of polyunsaturated fatty acids make the red blood cell membrane more rigid (Bruckdorfer et al., 1969) . In patients with liver disease there are abnormalities of erythrocyte lipid content and accompanying changes of their morphology.
An increased resistance of red blood cells to osmotic lysis is often met in patients with extrahepatic obstruction of the biliary tract and can be attributed to a characteristic increase of the surface-to-volume ratio (Cooper and Jandl, 1968) ; these erythrocytes appear as target cells on stained smears. Smith et al. (1964) described a syndrome occurring in patients with severe liver cirrhosis, designated as 'spur cell anaemia', because of the projections from the cells, although their osmotic fragility is unchanged.
To reduce anaemia, splenectomy is carried out because the spleen is the organ responsible for the destruction of spur cells (Cooper et al., 1974) . Cooper et al. (1975) were able to normalise the in vitro C/PL molar ratio by adding saturated phosphatidylcholine to spur cell serum; this prevented a rise in membrane cholesterol and an increase of cell surfaces as well as the transformation of normal red blood cells to spur cells. In rodents cells are depleted of cholesterol in vivo after infusion of a pure phospholipid dispersion (Robins and Miller, 1974) .
As spur cells are characterised by a high C/PL molar ratio and because of their low polyunsaturated fatty acid content, it is suggested that this type of haemolytic anaemia should be treated with polyunsaturated phosphatidylcholine infusions.
Methods

PATIENTS STUDIED
Ten patients with extrahepatic obstruction, 30 patients with advanced cirrhosis of the liver, and 10 control subjects were studied. In all cases, the diagnosis was supported by data from biochemical and histological tests and from laparotomy.
Patients were included in the study only if they had no haemoglobinopathies or deficiencies of red blood cell enzymes. Patients with spur or target cells were designated as such if they had more than 30)% of these abnormal cells. Osmotic fragility of erythrocytes was estimated according to Parpart et al. (1947) , using a graded sequence of concentrations of NaCl (4 ml) to which 0-1 ml blood was added; resistance to osmotic lysis is increased when, at an NaCl concentration of 3-5 g/l, haemolysis is lower than 50%.
Eight patients with spur cells were infused daily with 2 g polyunsaturated phosphatidylcholine (EPL, essential phospholipids supplied by Nattermann, Rome) for five days. EPL is a solution of soybean phosphatidylcholine in sodium deoxycholate (4%); its fatty acid composition is (% of weight) 16:0 13 %, 18:0 3.6%, 18:1 7.5y%, 18:2 66-9%, 18:3 9%.
After the infusion, osmotic fragility, morphology, lipid and fatty acid content of red blood cells, and lipid lipoprotein composition were studied. Unconjugated bilirubin, reticulocytes, and LCAT activity (Stokke and Norum, 1971) (Bartlett, 1959) . The remaining extract was used for lecithin isolation on precoated silica gel G plates (Merck). The methyl esters of the lecithin fatty acids were studied as for phospholipids of lipoprotein (see below).
PLASMA COMPOSITION OF LIPIDS AND BILE ACIDS
Free and total cholesterol was determined using an enzymatic method (Biochemia Kit No. 124079), triglycerides using the Biochemia kit no. 15970, and lipid phosphorus according to Bartlett (1959) . Concentration and composition of serum bile acids were determined by gas-liquid chromatography (Salvioli et al., 1974) .
Low density lipoproteins (d = 1006-1063) and high density lipoproteins (d = 1063-1210 g/ml) were separated by serial preparative ultracentrifugation with the aid of solid KBr to obtain optimal densities (Hatch and Lees, 1968) . The proteins (Lowry et al., 1951) , free and esterified cholesterol, triglycerides, and phospholipids content of LDL and HDL were determined. Aliquots of the two lipoproteins were extracted with chloroform: methanol (2:1) containing 0-2% butylhydroxytoluene (BHT). Phospholipids and cholesterol esters were isolated by thin layer chromatography on silica gel G -plates developed with hexane :diethylether :acetic acid (80:20:1) containing 0-4% BHT.
The fatty acid composition of phospholipids and cholesterol esters of HDL ahd LDL obtained by transmethylation with boronfluoride methanol (Morrison and Smith, 1964) was studied by gas-liquid chromatography using a column filled with 15% diethylene glycol succinate polyester on Chromosorb W (Appled Science Laboratories, Inc.) in a Packard Becker gas chromatograph mod. 420. The individual fatty acid methyl esters were identified by comparison with the relative retention time of standard f,atty acids. The relative composition of the different fatty acids was calculated as the product of the peak height and the width at half height. The results are reported in terms of percentage of area, which corresponds to percentage of mass. (Table 1) In all patients with obstructive jaundice morphology of the red blood cells revealed target cells. In patients with cirrhosis of the liver spur cells were present in 12 cases (40%), while target cells were observed in only two patients. Osmotic fragility was reduced in all the patients with obstructive jaundice and in 11 patients with cirrhosis of the liver (36 %); of these, four only presented changed osmotic fragility.
Results
RED CELL MORPHOLOGY
LIPID COMPOSITION OF RED BLOOD CELLS
The cholesterol content was increased in spur cells and, particularly, in target cells; the phospholipid content was normal in spur cells but the C/PL molar ratio was increased (p < 001) ( Table 2 ). The C/PL ratio was increased in patients with target cells but the results were not statistically significant. The initial values of the fatty acid composition of the phosphatidylcholine in the erythrocytes showed a low content of linoleic acid (18:2) in spur cells (p < 0 01) ( Table 3) . (Tables 3 and 9 ).
Even the lipoprotein composition was changed after EPL infusion; HDL showed the most important variations: the FC/PL molar ratio decreased from 0 33 to 0(23 (p < 0 01) and the free:esterified cholesterol ratio decreased from 0-37 to 027 (p < 0-05) ( Table 5 ). Changes in LDL composition were not statistically significant (Table 6 ). Fatty acid composition of phospholipids and cholesterol esters showed an increase in the percentage of linoleic acid both in controls and in patients with spur cell anaemia (p < 001) (Tables 7 and 8 ). tp < 0-05 between SC and N in the basal condition.
*P < 0 05 between before and after infusion. §P < 0 01 between before and after infusion. tp < 0 01 between SC and N in the basal condition.
tp < 0 05 between before and after EPL infusion. (Cooper 1977) . The C/PL molar ratio seems to distinguish spur cells from target cells as shown : target cells are rich in both cholesterol and phospholipids, whereas spur cell membranes contain more cholesterol with respect to phospholipids. The increase of cholesterol has a condensing effect and reduces acyl chain mobility (Papahadjopoulos, 1974 ) with the decrease of polyunsaturated fatty acid content within the phospholipid acyl chains. Both these changes make the membranes of the red blood cells more rigid and less fluid. It is unlikely that cholesterol loading is the only mechanism underlying spur cell genesis and determining thorny-shaped red blood cells in patients with severe liver disease (McBride and Jacob, 1970) . In fact, the membrane cholesterol of red blood cells in patients with hereditary absence of plasma LCAT is 60-90% greater than normal, probably because of the marked increase in plasma free cholesterol in this condition (N0rum and Gjone, 1968) , but target cells rather than spur cells have been reported in these patients. Moreover, the acanthocytes (spur cell-like) of abetalipoproteinaemia have a normal value of C/PL molar ratio but a low amount of polyunsaturated fatty acids (Dodge et al., 1967) . Our results showed a selective increase of cholesterol content in spur cells and a reduction of polyunsaturated fatty acids of lecithin. These two factors may contribute to form membrane in which fluidity is low: the redundant membranes induce red blood cells to wrinkle producing spur cells. Which mechanism is responsible for lipid changes in red blood cell membranes?
In man, about 60% of erythrocyte phosphatidylcholine is exchangeable with lipoproteins, but free cholesterol exchanges more extensively (Reed et al., 1968) . The cholesterol exchange between plasma lipoprotein and red blood cells depends on the FC/PL molar ratio of lipoproteins . Red cells acquire cholesterol if lipoprotein FC/PL molar ratio increases (Cooper, 1977) , as observed in HDL of our patients with spur cell anaemia. The exchange is less between red blood cells and LDL and more considerable with HDL (Quarfordt and Hilderman, 1970) . Even LCAT activity regulating the plasma free cholesterol levels may influence the cholesterol concentration in erythrocytes (Glomset, 1968) . Simon (1971) described a selective increase in red blood cell cholesterol in patients with liver disease whose LCAT activity is frequently low, as found in our patients with spur cell anaemia. A low content of polyunsaturated fatty acids has been found in the plasma by Jaeger et al. (1975) and also in red blood cell lipid by Schubotz et al. (1976) during ethanol induced hyperlipidaemia and by Neerhout (1968) in patients with liver disease.
SPUR CELLS AND BILE SALTS
An increase of SBA may be important for haemolysis (Palmer, 1964) and for spur cell formation. It is known that in lithocholic acid-fed monkeys spurring precedes the increase of cholesterol red blood cell membrane . Cooper and Jandl (1968) concluded that increased SBA causes cholesterol accumulation in red blood cell membrane because of the inhibiting effect of bile salts on cholesterol esterification; but bile acids may influence LCAT activity only at a concentration of 4-6 mmol/l: in these concentrations bile salts disrupt HDL (Ho and Nichols, 1971) , the preferred substrate for LCAT activity (Salvioli et al., 1977) . Serum bile acids are high in patients with spur cells compared with subjects with liver cirrhosis without spur cells and the cholic:chenodeoxycholic acid ratio is high in patients with extrahepatic jaundice and low in patients with severe liver cirrhosis.
After EPL infusion, serum bile acids increase along with a greater percentage of deoxycholic acid;
this bile acid is detergent on fibroblast but for concentrations of 1-25-1 6 mmol/l only (Trias et al., 1977) . Therefore, the changes of serum bile acids do not seem responsible for both haemolysis and the spurring process, as the percentage of spur cells decreases even if the concentration of serum bile acids becomes higher after phosphatidylcholine infusion.
EFFECTS OF LECITHIN INFUSION ON LIPID COMPOSITION AND MORPHOLOGY OF SPUR CELLS
Exchange between infused and endogenous lecithin is known; Thompson et al. (1976) reported that HDL lecithin showed the most marked increase in oleic acid after oleic-rich lecithin infusion. In our patients EPL infusion increased the content of linoleic acid in HDL phospholipids which before infusion had low polyunsaturated fatty acid levels; after infusion even the FC/PL molar ratio in HDL decreased.
We mentioned before the lipid exchange between RC and lipoprotein: recently Verkleij et al. (1976) demonstrated fusion of cholestatic lipoprotein (LP-X) and uptake of its cholesterol and lecithin with RC membranes. Polyunsaturated phosphatidylcholine introduced into the blood may also be incorporated as intact molecules into the circulating membranes (Wagener, 1972) . EPL infusion reduces both cholesterol content and C/PL ratio of spur cells, while their linoleic acid content of lecithin increases.
The cholesterol depletion with concomitant reduction of spur cell percentage may depend on the following factors:
Detergent effect of lecithin Red cells in rodents are depleted of cholesterol in vivo after infusion of high doses (4g/kg/day) of egg lecithin (Robins and Miller, 1974) ; but during egg lecithin infusion in man there is an increase of both FC and LDL levels (Thompson et al., 1976) , probably because of the greater ratio between oleic and linoleic acid observed after the infusion (Peeters et al., 1973; Thompson et al., 1975) . In our patients both the oleic: linoleic acid ratio and the ratio between free and esterified cholesterol decreased after EPL infusion; on the other hand, LDL levels tended to fall.
Higher content of linoleic acid in spur cell membranes The higher content of linoleic acid in spur cell membranes increases membrane fluidity and prevents the effects of an excess of cholesterol in the red cell membranes (Papahadjopoulos, 1974) .
Higher content of linoleic acid in HDLphospholipids and lower FC/PL molar ratio of HDL, after EPL infusion In fact, the activation of LCAT is most effective with lecithin containing an unsaturated fatty acid chain (Soutar et al., 1975) .
The increase of LCAT activity increases the cholesterol ester formation and consequently decreases the FC/PL ratio, on which the transfer of cholesterol from plasma lipoproteins to cell membranes depends (Cooper, 1977) . High density lipoproteins have been shown to be particularly effective in removing red blood cell cholesterol; when the more reactive HDL subfractions obtained by gel filtration are incubated in the presence of LCAT and erythrocytes, the total HDL cholesterol can increase by 100% or more (Glomset, 1972) .
For these reasons, low doses of infused lecithin may change both the composition and the shape of spur cells, thus ameliorating haemolytic anaemia.
